
Power Electronics: 

  

Diode 5000 V / 5000 A 

Thyrister 7000 V / 5000 A 

Triac 1200 V / 1000 A 

BJT 1400 V / 400 A 

MOSFET (n channel ) 1000 V / 50 A 

IGBT 1200 A / 500 V 



• Rectifiers: A rectifier circuit converts ac input voltage into a fixed dc 

voltage. The input volt age may be single-phase or three phase.  
Rectifiers find wide use in electric traction , battery charging, 
electroplating, electrochemical processing) power supplies, welding 
and Uninterruptible Power Supply (UPS) systems. 

 

• Choppers: A dc chopper converts fixed dc input voltage to a 
controllable dc output voltage. The chopper circuits require forced, or 
load, commutation to turn-off the thyristors . For lower power 
circuits, thyristors are replaced by power transistors. Choppers find 
·wide applications in dc drives, subway cars, trolley trucks, battery-
driven vehicles etc. 



• Inverters: An inverter converts fixed dc voltage to a variable ac 
voltage. The output may be a variable voltage and variable frequency. 
These converters use forced commutation to turning-off the 
thyristors. Inverters find wide use in induction-motor and 
synchronous-motor drives , induction heating, UPS, HVDC 
transmission, etc. 

• Cycloconverters: These circuits convert input power at one frequency 
to output power at a different frequency through one-stage 
conversion. Line commutation is more common in these converters. 
Cycloconverters are primarily used for slow-speed large ac drives like 
rotary kiln etc. 

 



• Power Diode is a pn-junction device. A high-power diode, called power 
diode, is also a pn-junction device but with constructional features 
somewhat different from a signal diode. Life wise, power transistors also 
differ in construction from signal transistors. 

• When positive terminal of a battery is connected to p-type material and 
negative terminal to n-type material,  the p-n junction is forward biased.  

 



• Bipolur Junction Transistors(BJT): 



Transistor Switch 



•  MOSFET is a recent device developed. A power MOSFET has three 
terminals called drain (D), Source (S) and gate (G). Here arrow indicates the 
direction of electron flow. 

• A BJT is a current controlled device whereas a power MOSFET is a voltage-
controlled device. As its operation depends upon the flow of majority 
carriers only, MOSFET is a unipolar device.   

 



• Power MOSFETs are of two types; n-channel enhancement MOSFET and p-
channel enhancement MOSFET. Out of these two types, n-channel 
enhancement MOSFET is more common because of higher mobility of 
electrons. When gate circuit is open, junction between n region below 
drain and p-substrate I reverse biased by input voltage VDD. Therefore, no 
current flows from drain to source and load. When gate is made positive 
with respect to source, an electric field is established.  



• Insulated Gate Bipolar Transistor (IGBT) can be thought as the combination of 
MOSFET and pnp transistor. 

 When collector is made positive with respect to emitter, IGBT gets forward biased. With no 

voltage between gate and emitter, junction J2  are reverse biased; so no current flows from 

collector to emitter.  



•  RC Load:  When switch S is closed closed 

at t =0, KVL gives: 







Single-Phase Half-wave Rectifier 

(a) R load:  

  During the positive half cycle, diode is forward 

biased, it therefore conducts from 𝜔𝑡 = 0 𝑡𝑜 𝜔𝑡 = 𝜋 

Average value of output (or load) voltage, 



RL load with Freewheeling Diode: 



Single-Phase Full-Wave Diode Bridge Rectifier 



Single-Phase Full-Wave Mid-Point Rectifier 



Three-Phase Half-wave Diode Rectifier 



Three-phase Bridge Rectifier 



Thyristors 



Design of Snubber Circuits: 

 





The Diac (Bidirectional Thyristor Diode) 

The Triac 



Phase Controlled Rectifiers 



Single-phase Half-wave Circuit with RL Load and Freewheeling Diode 





Example 



Single-phase full-wave converter 



Three-phase Half-wave Controlled Converter 



Three-phase Full Converters 



Thyristor Commutation Techniques 

Commutation is defined as the process of turning-off a thyristor. For the purpose of power control or power 
conditioning, a conducting thyristor must be turned-off as desired. 

Load Commutation 





Complementary Commutation 



Impulse Commutation 



Choppers 

A chopper is a static device that converts fixed dc input voltage to a variable dc output voltage directly. Choppers 

are now being used all over the world for rapid transit systems. These are also used in trolley cars, marine hoists, 

forklift trucks and mine haulers . The future electric automobiles are likely to use choppers for their speed control 

and braking. Chopper systems offer smooth control, high efficiency, fast response and regeneration. 

step-down chopper (Buck)  



step-up chopper (Boost) 



Voltage Commutated Chopper 

Working of this chopper can start only if the capacitor C is 

charged with polarities as marked in Fig. This can be achieved 

in one of the two ways as under: 

(1) Close switch S so that capacitor gets Vs charged to voltage V, 

through source Vs, C, S and charging resistor Rc. Switch S is 

then opened. 

(2) Auxiliary thyristor TA is triggered so that C gets charged 

through source Vs, C, TA and the load. The charging current 

through capacitor C decays and as it reaches zero, Vc = Vs and 

TA is turned off. 



Inverters 

A device that converts de power into ac power at desired output voltage and frequency is called an inverter. Some 

industrial applications of inverters are for adjustable-speed ac drives, induction heating, stand by air-craft power 

supplies, UPS (uninterruptible power supplies) for computers, HVDC transmission lines etc. 

Single-phase Bridge Inverters 

Single-phase bridge inverters are of two types, namely: 

              (i) single-phase half-bridge inverters and  

             (ii) single-phase full-bridge inverters. 





Three Phase Inverters: 

       For providing adjustable-frequency power to industrial 

applications, three-phase inverters are more common than 

single-phase inverters. Three-phase inverters, like single-phase 

inverters, take their dc supply from a battery or more usually 

from a rectifier. A basic three-phase inverter is a six-step bridge 

inverter. It uses a minimum of six thyristors. In inverter 

terminology, a step is defined as a change in the firing from one 

thyristor to the next thyristor in proper sequence. For one cycle 

of 360°, each step would be of 60° interval for a six-step 

inverter. This means that thyristors would be gated at regular 

intervals of 60° in proper sequence so that a 3-phase ae voltage 

is synthesized at the output terminals of a six-step inverter. 



Three-phase 120 Degree Mode VSI 

     For the 120-degree mode VSI, each thyristor conducts for 120° of a cycle. 



Multiple-Pulse Modulation 



Sinusoidal-Pulse Modulation (SPWM) 

     In this method of modulation, several pulses per half cycle reused as in the case of 

multiple-pulse modulation (MPM). In MPM, the pulse width is equal for all the pulses. 

But in SPWM, the pulse width is a sinusoidal function of the angular position of the pulse 

in a cycle. For realizing SPWM, a high frequency triangular carrier wave Vc is compared 

with a sinusoidal reference wave Vr of the desired frequency. The intersection of Vc and 

Vr waves determines the switching instants. 



AC Voltage Controllers 

     AC voltage controllers are thyristor based devices which convert fixed alternating voltage directly 

to variable alternating voltage without a change in the frequency. Some of the main applications of 

ae voltage controllers are for domestic and industrial heating, transformer tap changing, lighting 

control, speed control of single phase and three phase ac drives and starting of induction motors. 





Single phase Voltage Controller with R Load 

Two-stage Sequence Control of Voltage Controllers 



Cycloconverters 

A cyc1oconverter is thus a one-stage frequency changer. Basically, cyc1oconverters are 

of two types, namely: 

                           (i) step-down cycloconverters and 

                    (ii) step-up cycloconverters . 





Speed control of a separately-excited dc motor: 



Three-phase half-wave converter drives 
    



Three-phase induction motors  
 


